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Interferon (IFN) regulatory factors (IRF) are the crucial transcription factors for IFN expression, leading
host cell response to viral infection. In mammals, only IRF6 is unaffected by IFN expression in the IRF
family; however, in ﬁsh, a lower vertebrate, whether IRF6 is related to IFN regulation is unclear. In this
study, we identiﬁed that zebraﬁsh IRF6 was a positive regulator of IFN transcription and could be
phosphorylated by both MyD88 and TBK1. First, the transcript level of cellular irf6 was upregulated by
treatment with poly I:C (a mimic of viral RNAs), indicating IRF6 might be involved in the process of host
cell response to viruses. Overexpression of IRF6 could upregulate IFN promoter activity signiﬁcantly,
meaning IRF6 is a positive regulator of IFN transcription. Subsequently, at the protein regulation level and
in the interaction relationship, IRF6 was phosphorylated by and associated with both MyD88 and TBK1.
In addition, overexpression of IRF6 activated the transcription of isg15, rig-i and mavs of host cells;
meanwhile, the transcripts of p, m and n genes of SVCV were signiﬁcantly declined in IRF6-
overexpressing cells. Taken together, our data demonstrate that ﬁsh IRF6 is distinguished from the ho-
molog of mammals by being a positive regulator of IFN transcription and phosphorylated by MyD88 and
TBK1, suggesting that differences in the IRF6 regulation pattern exist between lower and higher
vertebrates.
© 2016 Elsevier Ltd. All rights reserved.1. Introduction
Similar to mammals, upon infection with a virus, ﬁsh host cells
sense the viral components through the pattern recognition re-
ceptors (PRRs) in the surface of the cytomembrane or cytoplasm,
then the signals trigger downstream IFN or other relative cytokine
production, leading host cells to set up an antiviral state [1e3]. The
toll-like receptors (TLRs) and retinoic acid-inducible gene I (RIG-I)-
like receptors (RLRs) are considered two major PRRs that recognizeinding domain; EPC, epithe-
in; IFN, interferon; IRF, Inter-
E, IFN-stimulated regulatory
gy 2; MAVS, mitochondrial
entiation-associated gene 5;
ifferentiation factor 88; ORF,
lic acid; PRR, pattern recog-
LR, RIG-I-like receptor; SVCV,
ase 1; TLR, toll-like receptor.viral nucleic acids and transfer the signals to downstream factors
[4e7]. In the TLR signaling pathway, myeloid differentiation factor
88 (MyD88), as an adaptor, binds to the Toll/IL-1 Receptor (TIR)
domain of TLRs, then activates NF-kB to initialize IFN transcription
[8e12]. For the RLR axis, the cascades are activated in the order of
RIG-I-MAVS-TBK1-IRF3; in the last step, IRF3 is phosphorylated by
TBK1 and transferred into the nucleus to promote IFN transcription
[13e17].
In ﬁsh, there are 11 IRF members in total [18]. Fish homologs are
also crucial for IFN regulation as transcription factors, for Most IRFs,
containing an N-terminal DNA binding domain (DBD) and a C-ter-
minal IRF association domain (IAD), mediating interaction with
target gene promoters and association with other proteins,
respectively [19,20]. Divided by the capacity of IFN regulation,
zebraﬁsh IRF1, IRF3, IRF4, IRF5, IRF7, IRF8, IRF9 and IRF11 are the
positive regulators, and IRF2 and IRF10 play the negative roles
[21e25]. Though ﬁsh IRFs are homologous with those of mammals,
several differences exist between them. As examples, mammalian
IRF3 is not an IFN-stimulated gene (ISG) and constitutively
expressed, while ﬁsh IRF3 is a typical ISG that is upregulated by
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regulator of IFN expression through competing with IRF5 to
interact with MyD88 [26], while ﬁsh IRF4 can promote the tran-
scription of IFN as a positive regulator, as demonstrated by the
experiments on luciferase reporter genes and quantitative real-
time PCR (qPCR) we performed (data not shown); IRF10 is absent
in mammals and exists only in ﬁsh and birds, exhibiting a powerful
inhibition of IFN expression by two mechanisms: binding with the
ifn genes promoter region to hinder the transcriptional activation of
IRF3 and interacting with MITA to block the signaling transduction.
These observations demonstrate that although most of the func-
tions of ﬁsh IRFs are conserved with mammals, with several func-
tions speciﬁc to ﬁsh still existing.
Regarding mammals, previous studies have showed that IRF6 is
related to the formation of connective tissue and the mutation of
the irf6 gene can lead to the autosomal dominant Van der Woude
syndrome (VWS) or the related popliteal pterygium syndrome
(PPS) [27]. Mammalian IRF6 is considered not to not affect IFN
production, while the role of IRF6 in lower vertebrates is not clear.
Whether it is different from that of mammalian IRF6 needs to be
veriﬁed. In this study, we identiﬁed that zebraﬁsh IRF6 signiﬁcantly
activated IFN transcription, and interacted with and was phos-
phorylated by both MyD88 and TBK1, facilitating host ISG tran-
scription and inhibiting viral replication, demonstrating that ﬁsh
IRF6 is a positive regulator of IFN expression, which is a speciﬁc
mechanism of ﬁsh IFN regulation not found in mammals.
2. Materials and methods
2.1. Cells and viruses
Epithelioma papulosum cyprinid (EPC) cells were maintained at
28 C, 5% CO2 in medium 199 (Invitrogen) supplemented with 10%
fetal bovine serum (FBS, Invitrogen). HEK 293T cells were grown at
37 C, 5.0% CO2 in DMEMmedium (Invitrogen) supplemented with
10% FBS. Zebraﬁsh liver cells (ZFL) were cultured at 28 C, 5% CO2 in
Ham's F-12 Nutrient Mixture medium (Invitrogen) supplemented
with 10% FBS. SVCV, a negative ssRNA virus, was propagated in EPC
cells until cytopathic effect (CPE) was observed, then the cultured
media were stored at 80 C until use.
2.2. Gene cloning and plasmid construction
Using the cDNA of ZFL cells as template, the open reading frames
(ORFs) of zebraﬁsh IRF6 (NM_200598.2), IRF3 (XM_005156011.2),
and IRF7 (NM_200677.2) were cloned and inserted respectively
into pcDNA3.1 (þ) vector (Invitrogen). The ORF of zebraﬁsh TBK1
(NM_001044748.2), MyD88 (NM_212814.2) and IRF6 were subcl-
oned into pCMV-HA, pCMV-Myc and pCMV-Tag 2C vectors (BD
Clontech), respectively. To generate the EGFP-IRF6 expression
plasmid, the cDNA fragment encoding IRF6 was cloned into pEGFP-
N3 vector (BD Clontech). The plasmids containing IFN41pro-Luc
(NM_207640.1), IFN43pro-Luc (NM_001111083.1), and ISRE-Luc in
pGL3-Basic luciferase reporter vectors (Promega) were constructed
as described previously [28]. All constructs were conﬁrmed by DNA
sequencing. The primers including the restriction enzyme cutting
sites used for plasmid construction are listed in Supplemental
Table I.
2.3. RNA extraction, reverse transcription, and quantitative real-
time PCR
Total RNAs of ZFL cells were extracted by Trizol reagent (Invi-
trogen) and reverse transcribed by GoScript reverse transcription
system (Promega) using the random primers. Quantitative real-time PCR (qPCR) was performed with Fast SYBR Green master
mix (BioRad) on a CFX96 Real-Time System (BioRad). PCR condi-
tions were as follows: 95 C for 5 min, then 40 cycles of 95 C for
20 s, 60 C for 20 s, 72 C for 20 s. All primers used for qPCR are
shown in Supplemental Table I, and the zebraﬁsh b-actin primers
were used as internal control. The relative fold changes were
calculated by comparison to the corresponding controls using the
2-DDCt method. Three independent experiments were conducted
for statistical analysis.2.4. Luciferase activity assay
EPC cells were seeded in 24-well plates, and 24 h later
cotransfected with 250 ng luciferase reporter plasmid (IFN41pro-
Luc, IFN43pro-Luc, ISRE-Luc or NF-kB-Luc) and 25 ng Renilla
luciferase internal control vector (pRL-TK, Promega). Empty vector
pcDNA3.1 (þ) was used to maintain equivalent amounts of DNA in
each well. At 48 h post-transfection, the cells were washed in PBS
and lysed for measuring luciferase activity by Dual-Luciferase Re-
porter Assay System, according to the manufacturer's instructions
(Promega). The results were representative of more than three in-
dependent experiments, each performed in triplicate.2.5. Coimmunoprecipitation assay, Co-IP
For coimmunoprecipitation (Co-IP) experiments, HEK 293T cells
were seeded in 10 cm2 dishes overnight were transfected with a
total of 10 mg indicated plasmids. At 48 h posttransfection, the
medium was removed carefully, and cell monolayer was washed
twice with 10 ml ice-cold PBS. Then cells were lysed in 1 ml RIPA
lysis buffer (1% NP-40, 50 mM Tris-HCl, pH 7.5, 150 mM NaCl, 1 mM
EDTA, 1 mM NaF, 1 mM orthovanadate (Na3VO4), 1 mM phenyl-
methylsulfonyl ﬂuoride (PMSF), 0.25% sodium deoxycholate) con-
taining protease inhibitor cocktail (Sigma-Aldrich) at 4 C for
60 min on a rocker platform. The cellular debris was removed by
centrifugation at 12000g for 15 min at 4 C. The supernatant was
transferred to a fresh tube and incubated with 30 ml anti-Flag af-
ﬁnity gel (Sigma-Aldrich) overnight at 4 C with constant agitation.
These samples were further analyzed by Western blotting. Immu-
noprecipitated proteins were collected by centrifugation at 5000g
for 1 min at 4 C, washed three times with lysis buffer and resus-
pended in 50 ml 2  SDS sample buffer. The immunoprecipitates
and whole cell lysates were analyzed by immunoblotting with the
indicated antibodies.2.6. Western blotting
Whole cell extracts were separated by 10% SDS-PAGE and
transferred to PVDF membrane (Bio-Rad). The membranes were
blocked for 1 h at room temperature in TBST buffer (25 mM Tris-
HCl, 150 mM NaCl, 0.1% Tween-20, pH 7.5) containing 5% nonfat
dry milk, probed with indicated primary antibodies (Abs) at an
appropriate dilution overnight at 4 C, washed three times with
TBST and then incubated with secondary Abs for 1 h at room
temperature. After additional three washes with TBST, the mem-
branes were stained with Immobilon TM Western Chemilumines-
cent HRP Substrate (Millipore) and detected using an ImageQuant
LAS 4000 system (GEHealthcare). Abswere diluted as follows: anti-
b-actin (Cell Signaling Technology) at 1:1000, anti-Flag/HA (Sigma-
Aldrich) at 1:3000, anti-myc (Santa Cruz Biotechnology) at 1:2000,
HRP-conjugated anti-rabbit IgG or anti-mouse IgG (Thermo Sci-
entiﬁc) at 1:5000. The results were the representative of three in-
dependent experiments.
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EPC cells were plated onto coverslips in 6-well plates and
transfected with indicated plasmids for 24 h. Then the cells were
washed twice with PBS and ﬁxed with 4% paraformaldehyde (PFA)
for 1 h. After washed three times with PBS, the cells were stained
with DAPI (1 mg/ml; Beyotime) for 15 min in dark at room tem-
perature. Finally, the coverslips were washed and observed with a
Leica confocal microscope under a  63 oil immersion objective
(LSM710, Zeiss).
2.8. Statistics analysis
Data are expressed as mean ± standard deviations (SDs) of at
least three independent experiments (n  3). The statistical p
values were calculated by one-way analysis of variance (ANOVA)
with Dunnett's post hoc test (SPSS Statistics, Version 19, IBM). A p
value < 0.05 was considered statistically signiﬁcant.
3. Results
3.1. The transcription of irf6 is upregulated after poly I:C induction
Multiple host cellular ISGs were activated to participate in the
antiviral response during viral inﬂuence [29]. To investigate
whether the expression of host IRF6 was regulated by viral infec-
tion, ZFL cells stimulated with poly I:C, then the total RNAs were
extracted, and the transcriptional level of irf6 was monitored by
real-time PCR. Shown in Fig. 1A, the ifn41 transcription level was
upregulated since 6 h (8.7-fold) and increased about 50-fold at 24 hFig. 1. Inducible expression patterns of IRF6. ZFL cells were seeded on 6-well plates overn
extracted to examine the mRNA levels of IFN41 (A), IRF6 (B), IRF3 (C) and IRF7 (D) by real-tim
deviations (SDs) obtained by measuring each sample in triplicate. Asterisks indicate signiﬁafter induction. Stimulation of poly I:C, the expression irf6was also
increased about 2.2-fold at 24 h, suggesting that IRF6 might be
involved in the process of host cell antiviral response. Meanwhile,
the mRNA levels of other IRF members irf3 and irf7 were also
monitored; though irf3 and irf7 were increased initially, and
decreased at 12 h comparing with the expression at 6 h, both of
them as well as irf6 were upregulated signiﬁcantly (about 3.1-fold
and 25.3-fold at 24 h, respectively) (Fig. 1C and D). These data
demonstrated that the expression of irf6 was upregulated by
treatment with poly I:C.3.2. IRF6 induces the activations of IFN41pro and IFN43pro
Previous studies have shown that zebraﬁsh IFN41 and IFN43
promoter activities are upregulated by stimulation with poly I:C,
indicating that IFN41 and IFN43 are related to viral infection [24].
Hence, IFN41pro and IFN43pro were chosen for subsequent lucif-
erase report gene assays in this study. As shown in Fig. 2A, during
cotransfection with IRF3, IRF7 or IRF6 plus IFN41pro plasmids in
EPC cells, the IFN41pro activity was signiﬁcantly induced by IRF3
and IRF7 (99-fold and 14-fold, respectively), and overexpression of
IRF6 as well as enhancing the activation of IFN41pro (30-fold). In
the regulation of IFN43pro activity, overexpression of both IRF6 and
IRF7 led to an increase in IFN43pro activity (8-fold and 5-fold,
respectively), and the activation of IFN43pro was only increased
about 2-fold by IRF3, which is consistent with previous studies. The
ISRE motif of the promoter was considered the functional element
of ifn response to IRFs in previous studies that investigated whether
IFN41pro to IFN43pro activities were upregulated by IRF6 through
the ISRE motif and in which the activation of ISRE triggered by IRF6ight and transfected with 2 mg/ml poly I:C for 6, 12 and 24 h. Then total RNAs were
e PCR. b-actin was introduced as endogenous control. Error bars represent the standard
cant differences from control (*p < 0.05).
Fig. 2. Activation of IFN41, IFN43 and ISRE promoters by overexpression of IRF6. EPC cells were seeded on 24-well plates overnight and co-transfected with pcDNA3.1-IRF3,
pcDNA3.1-IRF7 or pcDNA3.1-IRF6 and IFN41pro-Luc (A), IFN43pro-Luc (B), ISRE-Luc (C) or NF-kB-Luc at the ratio of 1:1, and 25 ng pRL-TK was transfected as an internal control. The
luciferase assays were performed 24 h after transfection. Error bars are the SDs obtained by measuring each sample in triplicate. Asterisks indicate signiﬁcant differences from
control (*p < 0.05).
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cantly induced the ISRE activity (about 14-fold). Finally, the pro-
moter activation of NF-kB regulated by IRF6 was also monitored, as
shown in Fig. 2D, NF-kB promoter activity was upregulated 2.1-fold
by overexpression of IRF6. These results suggest that the activation
of IFN41pro and IFN43pro is upregulated by IRF6.
3.3. IRF6 is phosphorylated by MyD88 and TBK1
The TLR and RLR systems include MyD88 and TBK1, which are
crucial pathways for triggering IFN expression. In the downstream
of these signaling pathways, phosphorylation is pivotal for IRFs
nucleus translocation and functional transcription. As an example,
ﬁsh IRF1 and IRF3 were phosphorylated by MyD88 and TBK1,
respectively. In this study, to investigate whether IRF6 was phos-
phorylated by MyD88 or TBK1, corresponding constructs were
cotransfected in 293T cells; 24 h later, the whole cellular lysate was
checked by Western blot. Shown in Fig. 3A, ectopic expression of
MyD88-HA caused the phosphorylation of IRF6, displaying shift
bands with higher mobility. Meanwhile, overexpression of TBK1-
HA also signiﬁcantly phosphorylated IRF6 (Fig. 3B), indicating ﬁsh
IRF6 might involve in both TLR and RLR systems. These data indi-
cate that IRF6 is phosphorylated by both MyD88 and TBK1.
3.4. IRF6 interacts with both MyD88 and TBK1
Furthermore, the Co-IP experiments were employed to identify
the relationship of IRF6 with MyD88 and TBK1 in protein levels. As
shown in Fig. 4A, in 293T cells, during cotransfection with the
plasmids of IRF6-myc and MyD88-Flag, anti-Flag Ab-immunoprecipitated protein complex was recognized by anti-myc
Ab, suggesting that IRF6 is associated with MyD88. Moreover,
during cotransfection with the constructs of IRF6-myc and TBK1-
Flag, anti-myc Ab recognized anti-Flag Ab-immunoprecipitated
protein complex, demonstrating that IRF6 is also bound with TBK1.
The similar results also were observed in EPC cells (Fig. 4B) Taken
together, these results show that ﬁsh IRF6 interacts with MyD88
and TBK1, involving both the TLR and RLR systems.
3.5. IRF6 upregulates ISGs expression and declines SVCV replication
Since IRF6 had been identiﬁed as a positive regulator of IFN
transcription, the functional regulation of IRF6 on the other ISGs
was assayed. After transfection of IRF6 in EPC cells, the total RNAs
were extracted, and real-time PCR was performed. As shown in
Fig. 5A, B and 5C, ectopic expression of IRF6 upregulated the
transcription of isg15, rig-I and mavs (NM_001204169.1,
NM_001306095.1 and NM_001080584.2, respectively). Then the
EPC cells overexpressing IRF6 were infected with SVCV, and real-
time PCR was employed to monitor viral gene transcription. As
shown in Fig. 5D, compared with the empty vector group, over-
expression of IRF6 declined the transfection of the p,m and n genes,
indicating that the replication of SVCV was declined by over-
expression of IRF6. These results indicate that IRF6 might increase
host cellular ISG transcription to defend against viral infection.
3.6. IRF6 is located in the cytoplasm region
Though IRFs transfer into the nucleus to launch the target genes'
transcription, most of them are located in the cellular cytoplasm
Fig. 3. MyD88 and TBK1 mediate the phosphorylation of IRF6. MyD88 (A) and TBK1 (B) phosphorylate IRF6. 293T cells were seeded in 6-well plates overnight and transfected with
the indicated plasmids (2 mg each) for 24 h. Whole-cell lysates were subjected to immunoblotting with anti-Flag, anti-HA and anti-b-actin Abs.
Fig. 4. Interactions between MyD88, TBK1 and IRF6. 293T cells (A) or EPC cells (B) were seeded in 10 cm2 dishes and transfected with the indicated plasmids (5 mg each). After 48 h,
cell lysates were immunoprecipitated (IP) with anti-Flag afﬁnity gel, then the immunoprecipitates and cell lysates were analyzed by immunoblotting (IB) with the anti-Flag and
anti-Myc Abs, respectively.
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identify the subcellular location of ﬁsh IRF6, EGFP fusion protein
was used to monitor the subcellular distribution of IRF6. As shown
in Supplemental Fig. 1, EPC cells were transfected with IRF6-EGFP;
24 h later, during analysis with a confocal microscope, empty GFP
proteins were distributed in thewhole cells, while the green signals
representing IRF6-EGFP were observed in the cytoplasm region of
cells, demonstrating that ﬁsh IRF6 is a cytoplasm protein.
4. Discussion
As transcription factors, the IRF family plays crucial roles in IFN
regulation, and generally, the functions of IRFs in the regulation of
IFN are usually conserved between ﬁsh and mammals [19]. In the
current study, we report that ﬁsh IRF6 is a positive regulator of IFN
transcription that is distinguished from mammalian IRF6, which is
unaffected by IFN expression. These results demonstrate that the
function of IRF6 is not conserved between lower vertebrates and
mammals.
Poly I:C as a mimic of viral RNAs which triggers host IFN pro-
duction. In this process, IRF3 and IRF7 are the crucial transcription
factor of IFN [22]. In our results, the expression of irf3 and irf7 are
increasing at 6 and 24 h after stimulation, while decreasing at 12 h
is observed. For host cells, although IFN is the pivotal cytokine indefensing against viruses, unrestricted production of IFN can lead
to some diseases [30]. Herein, as the key regulators of IFN pro-
duction, the expression of irf3 and irf7 should be restricted ac-
cording to the speciﬁc situation but not unlimited.
In mammals, excepting of IFN regulation, IRF6 plays as a crucial
transcriptional regulator of keratinocyte differentiation and con-
trols the switch from proliferation to differentiation by activating
differentiation-associated genes [31,32]. In our study, ﬁsh IRF6 is
regulated by the MyD88, which directly activate NF-kB, however,
the relationship of mammalian IRF6 with NF-kB pathway has not
been reported, besides both IRF6 and IKKa control the ﬁliform
papillae developing of tongue dorsum [33]. Actually, four virus-
induced type I IFN genes (IFN41 to IFN44) are contained in the
zebraﬁsh genome. Only IFN41 and IFN43 are activated by TBK1, and
the IFNs regulated by MyD88- NF-kB pathway are still unclear.
Although IRF6 is phosphorylated by MyD88 and TBK1, the speciﬁc
phosphorylated sites of IRF6 which might relate with different
function have not identiﬁed. As an example, TBK1 phosphorylate
MITA on S358 to activated MITA for IFN regulation, however, the
S366 of MITA was phosphorylated by ULK1 which causes the
degradation of MITA [34].
For most ﬁsh IRFs, the regulations of IFN expression are
conserved with mammals. As an example, both ﬁsh and mamma-
lian IRF1 are positive activators of IFN, and both ﬁsh and
Fig. 5. Overexpression of IRF6 induces the expressions of ISGs and inhibits virus replication in SVCV-infected EPC cells. (A-C) qPCR detection of the transcript levels of ISGs in IRF6-
overexpressed cells. EPC cells seeded in 6-well plates overnight were transfected with 2 mg pcDNA3.1-IRF6 or empty vector for 24 h. Then total RNAs were extracted to examine the
transcripts of isg15 (A), rig-i (B), and mavs (C) by qPCR. (D) qPCR detection of the copy numbers of SVCV-related genes by overexpression of IRF6 protein in SVCV-infected cells. EPC
cells seeded in 6-well plates overnight were transfected with 2 mg pcDNA3.1-IRF6 or empty vector and infected with SVCV (MOI ¼ 10) at 24 h post-transfection. After 24 h, total
RNAs were extracted to examine the mRNA levels of G, M and P transcripts by qPCR. b-actin was used as an internal control for normalization and the relative expression is
represented as fold induction relative to the expression level in control cells (set to 1). Error bars represent SDs obtained by measuring each sample in triplicate. Asterisks indicate
signiﬁcant differences from control (*p < 0.05).
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are still several differences. As an example, the role of IFN regula-
tion of IRF4 is distinguished. In the luciferase report gene assays we
have performed, ﬁsh IRF4 upregulated IFN41 and IFN43 tran-
scription (data not shown), while mammalian IRF4 impeded IFN
expression by competing with IRF5 to interact with MyD88. In our
study, unlike mammalian IRF6, which does not affect IFN expres-
sion, ﬁsh IRF6 increased the IFNpro activity signiﬁcantly. In addi-
tion, several unique regulation patterns of IRF also exist in ﬁsh. As
an example, ﬁsh IRF10, the homolog of which is absent in mam-
mals, interacts with MITA and binds with the ifn gene promoter
region to block IFN expression [24]. With increasing research into
ﬁsh IRFs, the comparative functions of IRFs in ﬁsh and mammals
will be clearer.
In the process of host defense against viral infection, TLR and
RLR sensors are the two major PAMPs, which include MyD88 and
TBK1 for signal transduction, respectively [8,37]. A few IRFs are
involved in these two signaling pathways. In mammals, IRF5 par-
ticipates in the MyD88 pathway to activate IFN expression, and ﬁsh
IRF1 is downstream of MyD88 as a pivotal regulator of IFN [21]. On
the other hand, IRF3 is a crucial transcription factor that is phos-
phorylated by TBK1 in both mammals and ﬁsh [15]. In most studies
of mammals, only IRF3 and IRF7 is activated by both MyD88 and
TBK1 to promote IFN transcription. Here, we report that IRF6 is the
same downstream factor of MyD88 and TBK1 in ﬁsh. However, the
function of IRF6 and the regulation pattern of MyD88 and TBK1should be different between ﬁsh and mammals, and that needs to
be clariﬁed.
In the RLR axis, TBK1 is a key kinase phosphorylating IRF3 and
IRF7; the phosphorylated IRF3 and IRF7 then transfer into the nu-
cleus and bind with the ifn promoter, triggering ifn transcription.
Our data demonstrate that ﬁsh IRF6 is also phosphorylated by
TBK1; thus, as ﬁsh IRF6 is a supplement factor for the classic TBK1-
mediated phosphorylation system, further studies should investi-
gate the respective functions of IRF6 in different IFN expressions.Conﬂicts of interest statement
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